Introduction
Any product undergoes several phases in its product life cycle. These phases are extraction of raw material, production of finished product, its use and after its use finally disposal. We can also describe the product life cycle as the total sales turnover of the product over a time period.
Useful life of the product is the duration of time period in which the items remain useful to the customer. End user environments, frequency of use are some factors which affect the useful life of the product. After its useful life, the product is usually disposed to the environment resulting in pollution, landfill or incineration. So, there is the necessity of evolving some activities which can control pollution, avoid land filling or incineration and preserve the natural resources. One such approach is product recovery operation. By the product recovery operation, we can retrieve the retained used value from the used product. Different product recovery options are repair, reuse, refurbishment, remanufacturing, cannibalization and recycling. Using these aforesaid options, we can extend the useful life of the product, shown in Fig. 1 . The aim of the useful life extension of the product is to reduce the environmental impact in long run, while increasing the societal and economic value of the product.
The first step of the product recovery operation is to collect the used products from the end users. The used products are then sorted, disassembled, repaired or remanufactured, reassembled and sold in the market. From the literature review, we have identified different issues which have significant impact in useful life extension of a product. These issues are clustered into five main groups such as Design of product, Operational issue, Market of remanufactured product, Government legislation and Environmental Consciousness, shown in Table 1 . The objective of the paper is to study the contextual relationships among the identified issues in Table 1 . Interpretive Structural Modelling (ISM) along with type −1 Fuzzy set theory is used to draw the contextual relationships. Two case examples are considered in this paper to illustrate the Fuzzy Interpretive Structural Modelling (FISM) methodology.
The rest of the paper is organized as follows. In "Fuzzy interpretive structural modelling (FISM)"section we discussed on Fuzzy Interpretive structural modelling (FISM). In "Illustration with an example" section we used FISM methodology to find the structural relationship between the identified issues for extension of useful life of the product, which is followed by discussion and conclusion in fourth and fifth section respectively.
Fuzzy interpretive structural modelling (FISM)
Multi Criteria Decision Making (MCDM) is classified into two categories, Classical MCDM method and Fuzzy MCDM method [27] . In classical MCDM methods individual preferences are usually represented by numbers, expressing exact degree of preferences of decision makers. On the other hand, in Fuzzy MCDM individual preferences are expressed by linguistic terms to indicate the hesitation or imprecision related to the preferences. Interpretive Structural Modelling or ISM (developed by Warfield, 1973 [28] ) is a well-known classical structural MCDM method. ISM depicts structural relationships between the issues or factors in the system. The input data for modelling the relationships are obtained from experts. Many researchers [29] [30] [31] have used ISM methodology in different situations like reverse logistics, remanufacturing, offshore alliances etc. In this paper, we incorporate the fuzzy logic in the ISM model for structuring the relations among various issues of remanufacturing business. The hesitation and ambiguity during elicitation of expert's opinion is captured by fuzzy data. In fuzzy logic, we convert the crisp set into fuzzy set using the membership functions, which is followed by defuzzification of fuzzy data into crisp data. The steps in Fuzzy ISM (FISM) are discussed below.
Step 1: The first step is identification of the issues and sub issues in the system.
Step 2: The Structural Self-Interaction Matrix (SSIM) is developed from the opinions by the experts. In FISM, linguistic terms are used to describe the ambiguity in the experts' inputs, which represent the membership function. Here we use triangular fuzzy membership function (shown in Fig. 2 ) considering the linguistic terms as shown in Table 2 .
Experts use the following notation: V, A, X, O to represent the influences between issues. V represents that issue i influences issue j but the opposite is not true. V (VH), V (H), V (L) and V (VL) are the linguistic representations of degree of influence. A represents that issue j influences issue i but the opposite is not true. Similarly, the linguistic representations are A (VH), A (H), A (L) and A (VL). X represents that both the issues i and j influence each other. The bidirectional relationships may be represented in two ways for two different situations. If the degree of influence in both the directions is same, it is represented as X (.), whereas, if it is different, it is shown as X (.,.). In both the cases the four possible linguistic terms may be used. For example, X (VH) stands for the case, when the influence of issue i on j and also the Step 3: Aggregated SSIM is formed by the choice of experts with the maximum frequencies. Subsequently Final Fuzzy Reachability Matrix is developed by using values in place of linguistic terms as shown in Table 2 .
As an example of bi-directional influences, expert's expression of X (VH, L) is replaced by (0.75, 1, 1) in (i, j) direction and by (0.25, 0.5, 0.75) in (j, i) direction.
For O (No), both (i, j) and (j, i) will be replaced by (0, 0, 0.25).
Step 4: Driving power and dependence power are calculated by summing up the rows and columns respectively from the Final Fuzzy Reachability Matrix. The fuzzy operations shown in eq. (1) are carried out to calculate the dependence and driving power.
For the MICMAC analysis (classification of issues under four segments) we have to defuzzify the driving and dependence power of the Final Fuzzy Reachability Matrix. The defuzzification process [27] is done by applying the eqs. 2, 3, 4 and 5.
Let
Compute the minimum value of a k , k = 1 , 2 , … n and the maximum value of c k , k = 1 , 2 , … . . n and then calculate the difference between them. 
The normalized values are computed by the eq. (3)
After getting the normalized values, we have to calculate the normalized crisp (defuzzified) value based on the following eq. (4).
Finally, it is the calculation of the crisp value for A k by eq. (5)
Step 5: Defuzzified reachability matrix undergoes level partitioning operation by replacing the linguistic term VH, H by 1 and L, VL, No by 0 in the Aggregated SSIM matrix. The transitivity is checked before partitioning of the defuzzified reachability matrix to levels. For the level partition, we need to calculate the reachability set and antecedent set. Reachability set of an issue is calculated along the row of the corresponding issue where the value is 1 and the antecedent set of an issue is calculated along the column where the value is 1. An intersection set is developed by the common elements between the reachability and antecedent set. The issues having the same reachability and intersection set are leveled as 1 and are eliminated from the remaining issues. Same process is continued until all the issues get leveled.
Step 6: The last step is to draw the FISM digraph.
Illustration with an example
A case study is used to illustrate the aforesaid methodology of FISM. In this case study, we try to compare the various decision-making issues related to the product recovery management process between two original equipment manufacturers. The first original equipment manufacturer is an Indian company (OEM 1) who remanufacturers their own manufactured printer cartridge whereas, the second original equipment manufacturer is a multinational company (OEM 2) who remanufacturers their own alternators. The remanufacturing facility of OEM 1 is situated in the eastern part of India and the remanufacturing facility of OEM 2 is in the central part of India. Both the OEM collects their own product from the customers and then process according to the stages of remanufacturing and finally sell the remanufactured product in the market. However, the weightages of the decision-making issues are not same for OEM 1 and OEM 2.
Step 1: Responses from 5 experts have been collected to develop the relationships among the identified issues and sub-issues. Out of five experts, three are from the industries and remaining two are from academics. Experts from the industries are different in case of studying the contextual relationships for OEM 1 and OEM 2. For OEM 1, we consider the experts from OEM 1 and for OEM 2, we consider experts from OEM 2. For this analysis, we consider only top management as experts. All the experts have experienced more than ten years in their respective fields.
Step 2: Self Structural Interaction Matrices (SSIM) are developed based on the opinion of each expert. The all five SSIM of the main issues are shown in Table 12 in Appendix A, as an example. Then Aggregated SSIM matrices for OEM 1 and OEM 2 are prepared based on the opinion (in linguistic term) occurring maximally among 5 experts and these are shown in Tables 3, 4 , 5 and 6.
Step 3: The Aggregated SSIM matrix is transformed into the Final Fuzzy Reachability Matrix by replacing value of the linguistic terms according to Table 7 , for OEM 1, the fuzzy value of the driving power of I1 is (a 1 Similarly, for OEM 2, in Table 7 , the driving power of I4 is a 1 ; b 1 ; c 1 ð Þ¼ 2:75; 3:75; 4:75 ð Þ , then the crisp value of I4 is 3.7 and the crisp value of the fuzzy dependence value of I4 is 1.91.
The driving and dependence power calculation for the remaining issues for OEM 1 and OEM 2 are shown in Appendix A. The outcome of MICMAC analysis for OEM 1 and OEM 2 is shown in Figs. 3 
and 4 respectively
Step 5: The defuzzified reachability matrix is formed by replacing the value of VH, H by 1 and L, VL, No by 0 of the Aggregated SSIM matrix and the level partitioning operation for OEM 1 and OEM 2 is shown in Tables 8, 9, 10 and 11. Step 6: The defuzzified FISM digraph for OEM 1 and OEM 2 is shown in Figs. 5 and 6. In the FISM model, the level 1 issue is placed at the top position in the digraph which signifies its dependence property and the last level issue is placed at the bottom position in the digraph which signifies the driving characteristics of the issue. The other remaining issues are placed in the digraph according to their level.
Results and discussion
The relationship among five main issues for extension of useful life of a product through product recovery management for OEM 1and OEM 2 is depicted by the diagraph shown in Figs. 5 and 6 respectively and the MICMAC analysis is shown in Figs. 3 and 4 . In the MICMAC analysis (shown in Figs. 3 and 4) , each sub figure is divided into four quadrants.
Autonomous issue-
In the Autonomous segment, issues have weak driving power and dependence power. Autonomous issues have no significant contribution in decision making. Thus, they are removed from the system. For OEM 1, in Fig. 3(b) i.e. related to the operational issue, has only one autonomous variable. However, for OEM 2, in Fig. 4 (b) , has two autonomous variables. These factors are removed from the final FISM model.
Dependent issue-
In the Dependent segment, issues have strong dependent power and weak driving power. These issues are very much influenced by other issues and in the digraph, they are at the first or in the top position. In Fig. 3 (a) and 4(a) for OEM 1 and OEM 2, operational issue (I2) and Market of the remanufactured product (I3) are the dependent issue. In Fig. 3(b) , for OEM 1, reassembly (IO3), reconditioning (IO4) and production planning and control (IO6). Whereas, in Fig. 4(b) , for OEM 2, inventory (IO5), reassembly (IO3) and production planning and control (IO6) are the dependent issues. In case of Fig. 3 (c) , for OEM 1, the dependent issues related to product design are avoid complexity (I3) and modular design (I2) and in Fig. 4(c) , for OEM 2, design for cleaning (ID5) and design for inspection (ID6) are the dependent issue. These dependent issues show the desired purpose for successfully managing the extension of useful life through product recovery operations.
Linkage issue-
In the Linkage group, issues have strong driving and dependence power. They are very unstable in nature and require a special attention from the decision makers. Any changes in these issues will affect in decision-making process. In Fig. 3(c) , for OEM 1, design for cleaning (ID5) and design for inspection (ID6) are in the third quadrant i.e. in the linkage group. In Fig. 4 , for OEM 2, the linkage issue is avoid complexity (ID4). These factors act as a catalyst in this model which facilitate the outcomes of the system.
Independent issue-
The independent issues have strong driving power and dependence power. These issues are very important and top management deploys more resources on these issues. In Fig. 3 (a) , product design (I1), Governmental Laws & Legislations (I4) and environmental consciousness (I5) are the driving issues for OEM 1. However, in Fig. 4 (a) , for OEM 2, Governmental Laws and Legislation (I4) is the only independent issues. For Fig. 3 (b) , collection process (IO1) and disassembly (IO2) are the independent issue. Whereas, disassembly is the only independent or driving issue in Fig. 4 (b) . In case of issue related to product design for OEM 1, design of the fasteners, avoid complexity and minimize no. of parts are the independent issues, shown in Fig. 3 (c) and for OEM 2, design of fasteners (ID1), modular design (ID2) are the independent issues. From Fig. 7 , at level 1 there are operational and marketing issues. At level 2 there are design of the product and government legislation issues. At level 3 there is environment consciousness, which acts as a prime enabler or prime mover for the extension of useful life of a product. If we want to know the degree of impact of this issue at level 3 on other issues at level 2 and 1, we get the result from Table 3 . I5 has a high impact on Market of the remanufactured product (I3), very high impact on Design of the product (I1) and Government legislation (I4), but has low impact on Operational issues (I2). Also from Figs. 7 and 8, we get some difference in the overall FISM model. In case of OEM 1, environmental consciousness is the major driving issue for practising the extension of useful life operation of the product which influences in product design and Governmental laws and legislations. Due to the environmental consciousness, OEM give more weightage on development and designing of more environmental friendly product. Also, environmental consciousness motivates the Government to set up some stringent laws and legislations. The Governmental legislations also influences to create a new market for the remanufactured product and product design influences the operational level issues. For OEM 1, product design issue is in the linkage quadrant. Thus, product design has a significant contribution in decision making related to useful life extension. OEM 1 tries to develop the new toner cartridge in such a way that it can facilitate the product recovery options specially remanufacturing. On that basis, OEM 1 gives more weightages on avoid product complexity and minimization of number of parts. Under the operational issue, OEM 1 gives more focus on the collection of the used toner cartridge. Due to huge number of customers and OEM 1 fails to maintain the proper database of their customers, they consider collection of the used cartridge is the driving issue. For the marketing related issue, OEM 1 focus on customer attitude and selling price of the remanufactured product. These two factors influence the marketing of the remanufactured product. In case of OEM 2, they consider that Government Laws and Legislations is the important factors of the product recovery operations (shown in Fig. 8 ). Stringent Governmental Laws and Legislations influences in product design, remanufactured product market and environmental consciousness. For product design, OEM 2 focus on modular design, design of the fasteners, complexity and number of parts because alternator is a complex product than printer cartridge. Thus, OEM 2 give more weightage on modular design and fasteners design rather than OEM 1. For operational issue, they focus on disassembly of the used alternators because 
Conclusions
The shrinking window of natural resources and global environmental consciousness are essentially compelling various industrial houses to opt for alternative technologies, which possibly help extend the useful life of a product. Product recovery operations have already been accepted globally as one of the most appropriate proposition in this pursuit. The contribution of this paper lies on identification of various issues relating to product recovery management and developing their relationships influencing the relevant business processes. Fuzzy Interpretive Structural Modelling (FISM) is proposed to establish the structural relations, which will capture the inherent ambiguity of expert-driven input data. This research project is expected to be extended in future by applying Structural Equation Modelling (SEM). 
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